WERG
G\‘"EPA

“United States
Environmental Brotection

Agency

{ Formatted: Right

Br '{ Formatted: Font: 8 pt

Life Cycle and Cost Assessments of
Atmospheric Water Generation
Technologies and Alternative Potable
Water Emergency Response Options

:\/\’l'/{ Formatted: Font 12 pt

™ Formatted: Right, Indent: Before: 0", Firstline: 0", Tab

Prepared for: stops: -1.55", Left + 0.96", Left + 2", Left + 2.5", Left
+ 3", Left + 345", Left + 4", Left + 45", Left + 5",
U-S- Envi ron mental Protection Agen cy Left + 55" Left + 6", Left + 6.5", Left + Not at 0.25"

National Exposure Research Laboratory
National Risk Management Research Laboratory
Office of Research and Development

26 W. Martin Luther King Drive

Cincinnati, OH 45268

And

Pegasus Technical Services, Inc.
46 E. Hollister St.
Cincinnati, OH 45219

Prepared by:

Eastern Research Group, Inc.
110 Hartwell Avenue
Lexington, MA 02421

ED_002380_00001055-00001



SeptemberZ4December 19, 2018

EPA Contract No. EP-C-15-010
Work Assignment 2-32 & 3-32

ED_002380_00001055-00002



7

This U.S. Fnvironmentad Protection Agency (US. EPA) report was developed under Contract
No, HP-{(-15-010 awarded by the U5, EPA. This document has been yeviewed in accovdance
with US. EPA policy and approved for publication. Any mention of trade names ov cormmercial
products does not constiture endorsement or recommendation for use.

{Formatted: Section start: New page

ED_002380_00001055-00003



Abstract

ABSTRACT

There are several ways to provide potable water to the community in times of an
effe etedaﬁe( ted populatlon However Some new pr oduets have come inon the market that can
generate water from the atmospheres-tnew arators-CA WG ,
to and may be an effective alternative to bottled water in tlmes of emergenc1es These pmd uets
are known as atmospheric water generators (AWGs). This research uses life cycle assessment
(LCA) to evaluate the potential environmental impacts-and-¢ests associated with the bottled
water system and the AWG system based on a suite of environmental indicators-and-eost. A
companon cost analysis 1s alse conducted nsing net present value calculations. The project
evaluates bottled water systems associated with a single-serve 16.9 oz bottle served in 24 pack
cases and multi-serve 5--gallon reusable jugs, in addition to two brands of AWGs units-designed
to operate wat multiple ~,cale‘; manufactured by Watergen and Fcoloblue respectively L ife

W elszhtb, transpoxtatlon dlstance in delivering multl serve Jugs, source of water tor hlhng the

bottles, recycled content and recycling allocation methods in bottled water systems, electrical
grid mixes for AWG S, Vi olume of Water produc ed inby AW Gs and the method ubed to \Nabh the

lowest impacts across the env nmimenm} unpdet edtegorms of all the systems btudled. Ihe

impacts of the multi-serve jug can be further reduced by lowering the transportation distance to
and from the user. The operational life cycle stage of the AWGs has the highest impacts across
ali impaet s;‘atecories due to the energy requirement% of the ~,y§tem T CA impacts for the AWG

W hﬂe AW(J units have signifieastgubstantial upfront cap1ta1 costs, cost results are lower for the
AWG unit compared to bottled water options purchased from commercial locations when
amortized over the AWG’s lifetime.
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Acronyms and Abbreviations

ACRONYMS AND ABBREVIATIONS

AWG Atmospheric Water Generator
CAMX Western Electricity Coordinating Council California, eGride(yRID
subregion
DQI Data quality indicator
EF Emission factor
eGRID Emissions & Generation Resource Integrated Database
EPA Environmental Protection Agency (U.S.)
ERG FEastern Research Group, Inc.
FDA Food and Drug Administration
FEMA Federal Emergency Management Agency
FRCC Florida Reliability Coordinating Council, eGrideGRID subregion
GHG Greenhouse gas
GWP Global warming potential
HOD Home/Office Delivery
18O International Standardization Organization
LCA Life cycle assessment
LCI Life cycle inventory
LCIA Life cycle impact assessment
LDPE Low-density polyethylene
MCF Methane conversion factor
OPP Ox 1ented poly propvlene
PC Polycarbonatc
PET Polyethylene terephthalate
PM Particulate matter
PP Polypropylene
OAPP Cruality assurance project plan
RFCW Reliability First Corporation West, eGride(3RII} subregion
RO Reverse osmosis
SW Solid waste
TRACI Tool for the Reduction and Assessment of Chemical and
Envirenrentalother environmental Impacts
USLCI United States Life Cycle Inventory Database
Uv Ultraviolet
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Section 1: Goal and Scope Definition

1. GOAL AND SCOPE DEFINITION

Across the U.S., there is a need to provide potable drinking water to communities in
situations where treated municipal water is not accessible or is compromised. Traditionally,
bottled water has been supplied to effestedaffected populations in the U.S., but there are some
emerging technologies, such as the-atmospheric water generators (AWGAW(s) that can produce
water on-site using ambient humidity and energy supply from the electrical grid. While such
systems are still in early stages of production and use, the findings of this study can be-usedie
help examine the environmental-and cost performance of the AWGs by identifvingidentify
hotspots in theirthe life evelescvcle stages of AWGs in order to evaluate their effectiveness
environmental impact and cost as ssureesa source of drinking water supply in
disaster/emergency situations. This study also compares the relative environmental and cost
performance of AWGs, single--serve bottles, and multi-serve reusable jugs as emergency water
supply options.

i1 Introduction and Objective

This study investigates a novel technology called AW(; that uses astive-water harvesting
to condense humidity from h&imd:amblent air by swte-and generate potable water.

AWGs can be used for supplying water - disaster/as an emcrgcnw relief-situatioasresponse

option. The objective of this study is to evaluate the efficacy and performance of AWG
technology in comparison with bottled water; as an emergency response option to provide clean
and bafe drinkino Water—aﬁéﬁg;—f fora lnn' -term wntdmimtion simdiinn U sin' hfe cvcle

different conflguratmns of the AWGs and two types of commermally available bottled water
options to provide context for understanding the outcomes associated with providing potable
drinking water in emergency-sitvationslong-tenn contamination emergency situations. Al AWG
svstems are modeled as connected 1o the electnical grid. Weather related emergency sifuations
such as humricanes and tornados, that cause power outages, and require a rapid response were not
examined in this study.

As one of the largest federal water research and development laboratories in the United
States, the Environmental Protection Agency (EPA) generates innovative solutions that protect
human health and the environment The Ofﬁce of Research and Development’s (ORD) Safe and
metrics and tools to compare the tradeoffs between economic, human health, and environmental
aspects of current and future municipal water and wastewater services. A comprehensive
systems-level analysis such as LCA can support the decision-making process for determining the
mechanism for emergency potable water delivery.

LCAs-arel LA i3 a widely accepted techniguemethod to assess the environmental aspects
and potential impacts associated with individual products, processes, or services. ‘Fhey-previdelt
provides a “cradle-to-grave” analysis of environmental impacts and benefits that can better
inform and assist in selecting the most environmentally preferable choice among the various
options. The steps for conducting an LCA include (1) identifying the goal and scope, (2)
compiling a life cycle inventory (I.CI) of relevant energy and material inputs and environmental
releases and emissiong, (3) evaluating the potential environmental impacts associated with

1-1
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Section 1: Goal and Scope Definition

identified inputs and releases, and (4) interpreting the results to help individuals make a-more
informed deetsiondecisions.

The investigated LCA-related impacts include acidification potential, global warming
potential (GWP), eutrophication potential, smog formation potential and particulate matter
formation potential, and are based on the EPA’s Tool for Reduction and Assessment of
Chemicals and other Environmentalenvironmental Impacts (TRACT) 2.1 life cycle impact
assessment (I.LCIA ) method (Bare et al., 2003). Fossil fuel depletion and water consumption are
based on the ReCiPe! method; solid waste by weight is based on cumulative solid waste
inventory, and cumulative energy demand is based on the cumulative energy inventory method
of Ecoinvent (Frischknecht et al., 2007). These metrics are discussed in detail in Section 1.2.4. A
sompanion cost analysis is also conducted and discussed in the results section.

1.2 Scope

This study design follows the guidelines for LCA provided by ISO 14040/14044 (IS0,
unit used for comparison (i.e., basis of results), system boundaries of analysis, LCIA methods,
impact assessment categories, and potential data sources. The scope of this study is to compare
an alternative potable water emergency response option of AWG with single-serve and multi-
serve bottled water. This section lists the AWG and bottled water systems studied, their
associated system boundaries, and potential data sources for the analysis. Ne other emergency
water prification technologies such as reverse osmosis-based filtration, cartridge filtration
svsterns. solar pasteurizations svstems or natural filtration svstems were assessed in this study.
The geographic scope of this study is production and use in the United States with four regional
electrical grid locations selected to assess the impacts associated with the operation of the AWG.
The AWG water production vares with ambient fernperature and humidity levels, which is
discnssed 1o detail 1n Section 3.1, The environmental impact of removing moisture from the ain is
cutside the scope of this report.

1.2.1 Functional Unit

To provide a basis for comparison of different products, a common reference unit must
be defined. The reference unit is based upon the function of the products, so that comparisons of
different products are made on a uniform basis. This common basis, or functional unit, is used to
normalize the inputs and outputs of the LCA, with all results expressed on a functional unit basis.
Because the goal of AWG systems and bottled water is to deliver clean and safe drinking water,
the functional unit of this study is one liter of potable water at ambient temperature. No cooling
or heating of the potable water is considered in the functional unit calculation. There may be
differences in the water quality characteristics of the AWG product versus bottled water. Such
variations will not affect the functional unit. Note that bottled water and AWG product are not

! “The name of this method “ReCiPe™ is derived from two factors. First, the method provides a recipe to calculate
life cycle impact categories. Second, the acronym represents the mitials of institutes that were the main contributors:
RIVM and Radboud University, CML, and PRe” (Goedkoop et al., 20082009).

& 3-32 1-2
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Section 1: Goal and Scope Definition

managed by EPA’s National Primary Drinking Water Regulations. Bottled water is regulated by
the Food and Drug Administration (FDA).

1.2.2  System Descriptions of Atmospheric Water Generators

The system boundaries of an AWG system are shown in Figure 1. The system boundaries
start at production of the AWG unit, and continue through transportation to point of use, water
generation, maintenance, and disposal of the AWG unit at end-of-life. Material, fuel, energy, and
chemical inputs as well as air, water and waste outputs across all life cycle stages of the AWG
are incorporated in the analysis. AWG infrastructure burdens are accounted for by amortizing
infrastructure impacts by the useful life of the AWG unit and then standardizing results based on
the functional unit of one liter of delivered potable water.

The main end use of AWG varies with scale. The large or industrial scale AWGs such as
the Watergen Large Scale Water Generator and the EcoloBlue 1000 series, capable of generating
up to 10,000L of water a day, can serve small towns to cities when set up as water stations
especially in times of a natural disaster or emergency situations. They can also be used for
irrigation of greenhouses, vertical farms, and hydroponics. These units are scalable and can be
set up in multiples to meet high water needs. In addition, these industrial--scale units can be used
in schools, hospitals, commercial or residential buildings, whole villages, factories, and off-grid
settlements. These units can also be installed on the roof tops of buildings and retrofitted to
deliver water directly to the kitchen via the internal piping system (Watergen). The medium -
scale units such as the Gen-350 and EcoloBlue 100 series are mobile and can be easily
transported for installation for home or business use. The EcoloBlue AWGs can be integrated
with portable generators or renewable energy sources (wind, PV) for oft-grid usage. The
home/office scale AWG units such as Watergen Genny and EcoloBlue EB30 series are designed
for indoor home or office use to replace bottled water or water fountains. We have also
incorporated a mumber of scenarios around the electrical grid mix used, scale, water production,
and the washing methods of container used to drink the water from an AWG-table-6-provides-a

1-3
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Section 1: Goal and Scope Definition
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Figure 1. System boundary for atmospheric water generator.

1.2.2.1 AWG Vendors and Unit Scales

The study evaluates different AWG vendors to capture the range of potential
environmental and cost impacts of this technology option. ER{x;Eastermn Research Group, Inc.
(HERE), in coordination with EPA, identified the following possible vendors:

AL e

o  Watergen©: Watergen manufactures AWG units of large (i.e., industrial), medium
and home/office scale. The large-scale or industrial--scale units produce 3,000 L per
day_{with a maximumn of 5000 T per dav) given optimum levels of temperature (27
degrees Celsius) and humidity (60 %) and can be installed on the rooftops of
commercial buildings, in multiples, to meet high water demands. The medium scale
unit, Geads0Gen-350, is a portable AWG which can be mounted on a small truck or

an SUV and allows for generation of up to 400 L water per day. The home or office
scale unit, Genny, is able to generate 25 1. of water daily.

e EcoloBlueI: T2 EeoloBlue manufactures AWG units of large, medium and
home/oftice scale. The large-scale units range from 10,000 L produced per day to
1,000 L per day given optimum levels of temperature (30 degrees Celsius) and
humidity (80 %). These units are scalable to meet high drinking water demands. The
medium scale units or the light industrial series come in 100 L, 3685300 1, and 600L
per day options. The home- or office--scale units can generate up to 30 L of water

2 1t 15 important o mention that the company Ecoloblue is not operational any longer, but it was operating at the
time thi onducted, The additional data pomnts from Ecoloblue are useful for determining a range of

14
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Section 1: Goal and Scope Definition

daily in optimal conditions. All EcoloBlue units are capable of integration with
alternative power sources such as portable generators, wind, and photovoltaic solar
panels.

Figure 2 and Figure 3 show the unit processes of two different AWG units developed by
Watergen and EcoloBlue, respectively. The specific treatment of the water prior to delivery
depends on the AWG design and unit scale. All systems are modeled as connected to an
electrical grid for the purposes of this study, Assessment of altemative energy sources suchas a
diesel generafor or renewable solar options are outside of the current project scope, but mav be
counsidered 1o later phases.

Al in
= Air filter | e Condener pr— oo
FOWRE S0UNRE. B
shectric grid
Potabile iovine Cashon frdustrisd
Water Traarnent fiter siake units
Botat Wy Chamical Paedim
Pater freatmnent filter seabe Bnits
“atable Bzone Carbion Homefotficn
Wiutsy treatoent Hiey seithe uniss

Figure 2. Schematic overview of AWG unit operation — Watergen.
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Figure 3. Schematic overview of AWG unit operation — EcoloBlue (all scales).

The vendor specific parameters used in the LCA model are listed in Table 1.These data
were provided directly by the vendors (Watergen and EcoloBlue) in the form of vendor specific
reports, completed data forms, via ¢-muail communication-ever-the-email, or provided on the
vendors® official websites. The data parameters for daily volume of water generated waswere
varied in a sensitivity analysis to study the impacts associated with low or high daily volume of

Table 1. Vendor Specific LCA Parameters

Volitne Electricity per . Maintenance

Vendar Scale Welght Generated alums Uit sesttact  gmerCost per
(k) Lparday)  Produesdiolume (2018USDS yeasvesr

Praduced (Wh/i) {2018 USD)”*
Watergen Large 2,870 3,000’1 350 $115,000 $7,866
Watergen Medium 800 400 330 $55,000 $2,500
Watergen Home/Office 50 25 300 $1,250 -
EcoloBlue Large 3,800 3,000 420 $159,700 $3,767
EcoloBlue Medium 1,000 600 410 $30,750 $870
EcoloBlue Home/Office 50 30 300 $795" -

*maintenanseMaintenance cost of AWGs includes filters replacement and disinfection of internal tanks,

:The default parameters for the EcoloBlue home/office unit are associated with Ecoloblue30E, there are two otherunits ] f Formatted: Font: 10 pt

produced in this category called Ecoloblue30X and Ecoloblue30X Alkaline and their unit costs are $1299 and $1499 respectively
{vonveecaloblue.comb,

 This volume s reported in muitiple sources and s 2d 35 per the data provided directly 16 ERG by Watergen and the
Watergen large scale AWG hrochure avaiiable af the fime of the project, Maximumn water production for the large sca

modeled as up to 5,000 liters/day in a sensitivity anaiysis as specified in Table 6.

$Unit cost includes the cost of external tanks that are purchased with the large-scale units,
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1.2.3  System Descriptions of Bottled Water Production

The comparative bottled water analysis includes both a single-serve and a multi-serve
option. The main parameters for these two bottled water options in the baseline analysis are
displayed in Table 2. The primary packaging option for single-serve bottled water delivery is
polyethylene terephthalate (PET) plastic bottles and for the multi-serve large polycarbonate (PC)
jugs are typically used for home/office delivery (HOD). Two sizes of bottles are considered in
this study; for the single—serve option a 500 ml (16.9 0z) PET bottle is studied and for the multi-
serve an 18.9 L (5 gallon) PC water jug is studied. The baseline analysis for the single serve
bottle assumes a 16.9 oz bottle (9.3g) modeled based on a lightweight domestic spring water
systent. For determuining sensitivity of the LCA results to bottle weight, an additional 16.9 oz
(10.9¢g) lightweight bottle is modeled based on an alternative water brand. While the packaging
weights and supply chain for alternative bottled spring water were based on specific brands, no
primary data were collected from these brands for this study. The baseline analysis for single—
serve bottle also assumes 0% recycled content of the primary bottle material, however, 10%
recycled content is also modeled for sensitivity analysis (McKay, 2008). The single-serve bottles
include a polypropylene (PP) closure and are configured in 24-count multipacks with shrink
wrap distribution packaging. The baseline weight and material of the empty HOD bottle and
closure material were acquired from publicly available e-commerce listings. The HOD bottles
are used bv consumers in Lombmatlon with a reusable glass. The bil}. xle -SETVS- bn&ﬂm arg-a-siple

(ORDLQ 2009) lhe water Wlthm the bottles is modeled as either spring water or pur 1fled
municipal water. In many cases, bottled water plants treat municipal water with additional
purification steps such as ozone treatment and UV treatment (ORDEQ, 2009). The percentages
of postconsumer waste that aseis recycled and disposed after use are based on U.S. data from the
U.S. EPA “Advancing Sustainable Materials Management Report™ (U.S. EPA, 2016). The
recycling rate of the single-use bottle is modeled as 31.3%. The HOD bottle is modeled with
100% recycling, since the bottles are managed by delivery services. For all packaging waste that
enters the municipal waste stream, 82.2% are managed in a landfill and 17.8% are sent to waste
to energy incineration based on average U.S. conditions (U.S. EPA, 2016).

Table 2. Bottled Water Systems Studied

Single-Serve Water Bottle Multi-Serve Water Bottle

Volime 500 mi (16.9 oz) 18.9 L {5 gallons)

Primary boitle material polyethylene terephthalate polycarbonate

Empty botile weight (g) 9.3 794 (1.75 Ibs)

Closure material Polypropylene LDPE

Closure weight (g) 1.1 14.5

Tonh o water Purified municipal water or spring water with ultrafiltration, ozone
treatment, and UV.

Label material PP n/a

Label weight (g} 0.6 n/a

Multipack 24-count n/a

Multipack packaging Shrink wrap {LDPE) n/a

Shrink wrap weight (g} 31.5 n/a

1-7
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Table 2. Bottled Water Systems Studied

Single-Serve Water Bottle Multi-Serve Water Botile
Type of reusable drinking Not applicable 475 mi (16.1 oz) glass
container
Recycling rate 31.3% 100%
Lifetime uses 1 40
Transport distance” 100 mi 75 mi

*Transport of bottled water from filling location to the consumer. Transport willseis modeled in a diesel combination truck for
single-serve bottles. The HOD bottles are transported in smaller vans by a delivery service.

The cost of bottled water to the consumer is based on the price of a 24--pack for single—
serve PET bottles as sold at a large-scale grocery chain and the price of a 5-gallon spring water
jug sold by various vendors as a home/office delivery service. The costs are listed in Table 3. In
emergency situations where the public water supply is rendered non-potable or inaccessible,
various organizations within the U.S. government have historically been responsible for
delivering water to the affected citizens. For example, the National Guard delivered water and
supply was covered by the state of Michigan (Maher, 2016). Similarly, during the hurricane
Maria, Federal Emergency Management Agency (FEMA), Federal Bureau of Investigation (FBI)
and United States Army Reserves provided bottled drinking water to survivors in Puerto Rico
(Baja, 2017). Based on recent water disasters locally and internationally it appears that states
handle contaminated local water, and federal entities typically handle weather disasters (1.3,

EPA, 2011).
Table 3. Sample Cost of Water Bottles

Brand Name Type of praductPrnduct Price per packPack Delivery Cost per
{16.90z2)/5:gallon bottle wmunuabdinnih ($)
5l

Paland Spring® 16.9 0z, 24 pack $4.49 -

Dasani® 16.9 oz, 24 pack $3.99 -

Belmont Springs/ Crystal Rock? 5 gallon, purified water $6.99 $5

Belmont Springs/ Crystal Rock? 5 gallon, spring water $7.99 $5

Poland Spring? 5 gallon, spring water $7.49 $6.95

Nestle Pure Life? 5 gallon, purified water $6.49 $6.95

Wesmans Spring” 4 gallon, spring water $3.99 -

*These products were sampled at Wegmans in Burlington, M#A on Tuesday, September 11, 2018.

$The data for these products waswere acquired by-shere calling vendors for pricing on Wednesday, September 12, 2018.

The system boundaries for the single-serve bottled water analysis are shown in Figure 4.
The system boundaries start at spring water extraction or municipal drinking water treatment.
The bottled water plant conducts additional purification steps prior to filling such as
ultrafiltration, ozone treatment, and UV treatment. The system boundaries include raw material
production of virgin primary packaging and distribution-packaging associated components such
as PET for the bottle, PP for the cap, and oriented polvpropvlene (OPP) for the label The system
boundaries also mnclude raw material production and conversion for distribulion packaging

1-8
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materials such as low-density polvethylene (LDPE) for the shrink wrap-and-sriented
polyprepylene (OFR)for-thedabel, The model assumes that PET is injection molded to a
preform at a separate facility and then stretch blow molded to a bottle at the filling location.
After filling and application of the shrink wrap multipack packaging, the bottles are transported
to the point of use. The model does not include any refrigeration of the bottled water. Bottles and
multipack packaging are either recycled or dlsposcd at end-of life. Note that all life cycle stages

requiring electricity in the bottled water syste essystems are modeled as-viilizingwith
the U.S. average electrical grid fuel mix.

Copnain Municipal Drinking Virgin:PET Resi
piing Water Treatment Brodugctio
 SU— T
QPP Lab PP Cap Addi '“lwa.t?r Ajaction Molding
: : Tréatment at Filling
B tie oductio o f 28]
T
T il Stretch Blow Nolding Recycled PET Resin
to'Battle Praduction
Ak Filin
dikction T
Shirialk Applitano ; I::i élfgui? ke Materal Recyelin
»° T
Storage at Point of Use a0 & Usg (SUCh. as T andfilland WIE
Refrigeration}
Sensitivity
KEY Baseline Analysis Excluded
L N Incoming Incoming Incoming
th{m S(fpe fqr APP{‘?EP‘E only for Excluded Transport Flow  TransportFlow  Transport Flow
Baseline Analysis Sensitivity Analyses T o =T
‘ PET - PP ; OPP — Oriented Polypropylene; WTE — Waste-to-Energy Combustion ‘

Figure 4. System boundary for single-serve bottled water analysis.

The system boundaries for the multi-serve HOD jug/bottle are shown in Figure 5. Water
treatment is modeled using the same approach as the single-serve analysis. Filled HOD jugs are
transported to point of use via a delivery service van. The analysis assumes consumers use a
reusable glass to flll dunkmg Water 1rom the Jllgb After use, the glass is assomed to ha deaned
by hand ‘ shwasher This s fretud vy ‘ se-forthe dishwr
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baseline analvsis however, use of soap is ouiside the
&ucr%m scope oi th study. Scctu)n 4412 &@%m%fv the pessibility-of ncludingqncludes a
sensitivity analysis ferhandwashinginsteads shingaddressing the option of no washing
1 emergency condilions pcriair;ino o waler shoridgm Use of dishwashers is alse considered to
hf: an un-viable option i1} CINSIZEnCY "-ﬂl‘iﬁtl()llb ebm( kﬂlv Whm Ii}‘ldhlﬁ Lzroe bcah; water

is assumed the jug cap is dlprSCd and the jug itself is sent back to the filling facﬂlty. Prior to
filling the jug, the jug goes through an industrial washing process. Industrial washing between
uses includes the production of relevant cleaning chemicals. The jugs are used approximately 40
times until they are recycled by the delivery service. It is assumed the reusable glass for drinking
is reused for 3 years, once a day, for 1,095 total lifetime uses. Material production requirements
for the jug are amortized over the useful life of the components. Given the notable number of
lifetime uses for the reusable glass, production and disposal of the glass are assumed negligible,
and excluded from the model. The refrigeration of water after being poured out of the reusable
jug is also excluded from the analysis.

Municipal Drinking

g Water Extiac Water Treatment

T
LDPE Cap Hdiional Wate Viegin Palyeart
g Treatmentat filling 3
detiol o Prodactio
T
T Filling Tl Comvarsion 1o lug
’(T(
Storage at Point of Use igfwm :52 :irf;{fdui?ﬂe ndustrial Washing fo
(Refrigeration} Délivesy Servie) Jug . , i
a the g
....
Production of Reusable & oTe oyt pme Jag Collectio tandhilland Waste tos
S Dish ing:of B T i
Glass for Drinking Feabls Giai D y &) Enefgy BispasaliiCap)

Sensitivity
KEY Baseline Analysis Excluded
i N incoming fncoming Incoming
THhiRS T Annlicahl
Wthvn " TR ontyfor Excluded Transport Flow Transport Flow
Baseline lysis Sensitivity Analyses Tl =T
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1.2.4 Metrics and Life Cycle Impact Assessment

LCIA helps with interpretation of the emissions inventory. LCIA is defined in ISO 14044
Section 3.4 as the “phase of life cycle assessment aimed at understanding and evaluating the
magnitude and significance of the potential environmental impacts for a product system
throughout the life cycle of the product.” In the L.CIA phase, the inventory of emissions is first
classified into categories in which the emissions may contribute to impacts on human health or
the environment. Within each impact category, the emissions are then normalized to a common
reporting basis, using characterization factors that express the impact of each substance relative
to a reference substance.

In addition to the LCIA, a cost analysis was also carried out to compare the standardized
cost of each system per liter of water. The details of this analysis are provided in Section 4.5.
This analysis used net present value of the cost of the AWGs over their lifetimes to calculate the
per liter cost based on the average number of liters produced by the units over their lifetimes.
The per liter cost of bottled water is based on unit price and quantity sold in the market.

The results of this study address global, regional, and local impact categories. The impact
Lategomeb and methods apphed in thlb study alono \Mth then units and a bnet desurlptlon of each

Addltlonally, the ReLlPe LCIA method is used to characterize fossil fuel depletmn and Water use
(Goedkoop et al., 2009). Energy is tracked based on point of extraction using the cumulative
energy demand method developed by Ecoinvent (Frischknecht et al., 2007).

Table 4. Scope of Impact Assessment

Category tnit Method

Acidification kg SO- TRACIv2.1
Potential eq

Description

Quantifies the acidifying effect of substances on their
environment. important emissions: S0, NO,, NHs, HCI,
HF, HoS.

Cumulative Enersy. Ml-eq Ecoinvent Fhe-cumtlative-enersy-demardrdicator

Demand

acesupisAccounts for the total usage of non-renewable
fuels {natural gas, petroleum, coal, and nuclear) and
renewable fuels (such as biomass and
hydrohydropower). Energy is tracked based on the
heating value of the fuel utilized from point of
extraction, with all energy values summed together
and reported on a MJ basis.

Eutrophication
Potential

Fossil Fuel
Deplation

kg Neg. TRACIv2.1

kg oil- ReCiPe
eq.

Assesses impacts from excessive load of macro-
nutrients to the environment. Important emissions:
NHs, NO,, COD and BOD, N and P compounds.

Fossifunbdopletion-capturesCapturas the
consumption of fossil fuels, primarily coal, natural gas,
and crude oil. All fuels are normalized to kg oil
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Category

Global Warming
Potential

Particulate Matter
Fo¥mation
Potential

Smog Farmation
Potential

Solid Waste by
Waeight

Water
Consumption

Unit

kg CO2-
eq.

kg
PM2.5
eq

kg 03
eq.

kg

I’\']3 Hzo

Table 4. Scope of Impact Assessment

Method

TRACIv2.1

TRACIv2.1

TRACIv2.1

Cumulative solid
waste inventory

ReCiPe

Description

equivalent {(eq) based on the heating value of the fossil
fuel and according to the ReCiPe impact assessment
method.

The-GWR-impact-cotegoryrepresentsBepresents the
heat trapping capacity of GHGs over a 100-year time
horizon. All GHGs are characterized as kg CO2
equivalents using the TRACI 2.1 method. TRACI GHG
characterization factors align with the [PCC 4th
Assessment Report for a 100-year time horizon.

Determines the effect of particulate matter {e.g., PM
2.5 and PM10) and pollutants which lead to respiratory
impacts related to particulates (e.g., sulfur oxides and
nitrogen oxides).

Determines the formation of reactive substances {e.g.
tropospheric ozone) that cause harm to human health
and vegetation. Important emissions: NO,, BTX,
NMVOC, CHa, CoHs, CaHio, C3Hg, CeHia, acetylene, Et-OH,
formaldehyde.

Measures quantity of fuel, process and postconsumer
waste to a specific fate {e.g., landfill, waste-to-energy
incineration) for final disposal on a mass basis.

Water use resuits are based enfuantifies the volume
of fresh water inputs to the life cycle of products within
category, and does not characterize the relative
water stress related to water withdrawals. This
category-has-been-adapted Adapted from the water
depletion category in the ReCiPe impact assessment
method.
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2. METHODS

This section covers the data collection process, data sources, assumptions, methodology
and parameters used to construct the LCI model for this study. Data used to construct the AWG
and bottled water inventories are described in Section 2.1 and 2.2, respectively. Modeling
procedures as well as data quality assessment and limitations are described at the end of the
chapter.

For background processes such as material production, energy, and transport, ERG has
used credible published 1.CI databases such as: the National Renewable Energy Laboratory’s
(NREL) U.S. LCI and the EPA ORD LCA database. For unit processes for which public data are
not available, we have-eleasly cited the private data sources and disclosed as much information
as possible without compromising the confidentiality of the data source. An example of a private
LCI database is the Ecoinvent database (Weidema et al., 2013). Where data from the Ecoinvent
database are used, we have adapted the data, so they are consistent with other data modules used
in the study and representative of the energy production and transportation and, if applicable,
industry practices in the U.S.

2.1 AWG Life Cycle Inventory Data Sources

ERG collected existing data from vendors to construct the AWG inventory. Data sources
and modeling assunptions are described by life cycle stage in the subsequent sections.

2.1.1 Capital Equipment

It is assumed that most of the composition of the AWGs is stainless steel. The weight of
the AWG units for specific scales is provided by the vendors. The weight includes weight of
steel, filters, UV lamps and the refrigerants. Based on the data provided by the specific vendors,
the filters are replaced every six months and UV lamps every year; therefore, the number of filter
and UV lamp replacements are calculated per lifetime of the unit. The lifetime of the EcoloBlue
unit is 20 years and the Watergen lifetime is 7-10 years. Specific capital equipment weight
factors used are provided in 6. Appendix A. No information on energy requirements for
assembling the AWG units was available.

2.1.2 Transportation to Point of Use

The transportation of the AWG units from the point of manufacturingmann{acture to the
point of use is based on vendor provided information. Currently, the Watergen AWG units are
manufactured in #-Columbia, South Carolina and those of EcoloBlue, in California. Anl®ie {o
transportation of AWG anits to the point of use. Primary mode of transportation assumed is a
combination truck using the average fuel mix for the U.S=, {diesel}, but the opepl. LA model can
switch to rail and/or ocean freight if applicable.

2.13 Operation

The operational life stage of AWG includes running the unit on grid electricity and
producing water that is treated by the filtration system within each unit. The data on kwhkWh

32 &332 2-1
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usage by each unit to produce a liter of water, for a given scale, is provided by the vendors and is
used to perasmetrizeparameterize the model (6. Appendix A). The baseline model AWG operation
uses the average U.S. electrical grid fuel mix. The current electrical grid mix essapsisesconsists
largely of fossil fuels with highest dependency on coal (38.7 percent), followed by natural gas
(27.5 percent3). Nuclear energy contributes 19.5 percent to the grid and all other renewable

is incorporated in a sensitivity analysis around energy mixes. FRCC derives two-thirds of its
electricity from natural gas, followed by coal, nuclear power, oil, and renewables, respectively
(U5, EPA, 2014). The renewable energy is sourced primarily from biomass, hydre

Gen3S$OGen-350 unit to collect operational data in Cincinnati, OH so the sub-region Reliability
First Corporation West (RFCW) where Cincinnati-33# is located is also included in the
sensitivity analysis. ERG has also incorporated a scenario modeling a low emissions electricity
option, which is also the location where the Ecoloblue units are manufactured. This scenario
assumes that the AWG derives energy from Western Electricity Coordinating Council California
(CAMX) which sources 62.5 percent of energy from natural gas, 8.4 percent from hydropower,
4.3 percent from solar, 9 percent from nuclear and only 0.4 percent from coal. The details of the
resource mix for the average U.S. and the three sub-regions is shown in Table 5. A map of the
eGRID subregions is also provided in Figure 6.

Table 5. EPA eGRID U.S. and Three Sub-Regions Electricity Generation Resource Mix

2014
&GRID SGRID Generation Resouirce Min ipercent)*
subregion  subregion  Coal Oil Gas Other NuclearHydro BiomassWind Solar Geo-  Other
acronym .. name Fossil thermal unknown
.S Average 38.7 0.7 27.5 0.4 195 6.2 1.6 44 04 0.4 0.1
FRCC FRCC All 21.7 0.8 614 06 127 01 1.9 00 01 090 0.7
RECW RFC West 60 05 93 0.7 257 06 06 24 0 Q 0.1
camx WECC 04 O 625 0.8 9 84 34 65 43 44 0.3

California

25 may not sum to 100 due to rounding.

Source: U.S. Environmental Protection Agency (EPA) (2014} Emissions & Generation Resource Integrated Database (eGRID)
2014 Summary Tables. htips.//www.epa.gov/energy/egrid-2014-summary-tables.

2-2
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Figure 6. Map of eGRID subregions. Arrows point to subregions assessed for AWG
operation.

2.1.4 Use and Reusable Container Washing

The primary water delivery method from the AWGs is filling bottles directly from the
unit. We assume that a 16 oz reusable glass is used for delivery of the AWG water for drinking
purposes: and handwashed using water from the AWG when necessary. Given the significant
number of potential lifetime uses of the glass, the production and disposal of the glass itself is
outside of the system boundaries. Bishwashing-ptiheglass.required prorto-renseis-however;

1101 muludud imn h(mdx\ ashing 01 the 01&55 i this study. I he Wabhmg of the Ieusable glass 15 also

incorporated in the scope for the multi-serve jugs. A sensitivity analysis modeling handwashing
as-opposed-to-dishwashingno washing of the ¢lass is presented in Section 4.4.1.2.

2.1.5 Disposal

For the disposal of AWG units, we included the transportation of the AWG unit to the
disposal site only. The assumed transportation distance is 160 km and the(100 miles) as vendor
data on ransportation distances were not available. The mode of transportation is diesel powered
combination truck. Dismantling and recycling of subcomponents is outside the scope of this
study. We modeled all components as recycled.

2.2 Bottled Water Life Cvcle Inventorv Data Sources

ERG-has developed the bottle water analysis using the bottled water life cycle and
production of bottled water packaging materials sources as follows:

o Municipal Drinking Water Treatment: Cashman, S., Gaglione, A., Mosley, J.,
Weiss, L., Ashbolt, N., Hawkins, T., Cashdollar, J., Xue, X., Ma, C., and Arden, S.
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(2014). Environmental and cost life cycle assessment of disinfection options for
municipal drinking water treatment. U.S. Environmental Protection Agency,
Washington, DC, EPA/600/R-14/376

e Spring Water Treatment, Reusable Jug and Plastic Bottle Assumptions: Oregon
Department of Environmental Quality. (2009). Life Cycle Assessment of Drinking
Water Systems: Bottle Water, Tap Water, and Home/Office Delivery Water. Franklin
Associates, A Division of ERG, 09-LQ-104

o PET, LDPE, PP, HDPE Virgin Resin Production: American Chemistry Council
(ACC). (2011a). Cradle-to-Gate LCI of Nine Plastic Resins and Two Polyurethane
Precursors. Franklin Associates, A Division of ERG.

rentorveab-O0. Plasiics. Resgs.gand
iory-ab-tliach oo esan.

4-Poburethane-Precursors-Rpt-
Cabvhittp Mplastics. amerisanchemistyy cony/LifeCvcle-Inventory-oi-9-Plastics-Besims-
and-4-Polvorethane-Precursors-Rpi-Only

¢ PET Recycled Resin Production: Franklin Associates. (2011). Life Cycle Inventory
of 100% Postconsumer HDPE and PET Recycled Resin from Postconsumer
Containers and Packaging.

e Plastic Conversion Processes: ACC. (2011b). Life Cycle Inventory of Plastic
Fabrication Processes: Injccuon Moldmg dnd Thcrmoformmg Frdnkhn Associates, A
D1V1510n ot LRG Hps: 3 St

B
g
»-»«

oldino.;
i

juv
o3}
Los

olorr J ‘.htim/ plasucs aIﬁf.,HLdIlthIﬁl%H\ convEducation-
Rcwimmﬁ ’uhhmuonf;ﬁ Cl-of-Plastic-Fabnication-Processes-Injection-Molding-and-

Thermoforming pdf

2.3 LCA Modeling Procedure

Development of an LCA requires significant input data, an 1AL CEA modeling
platform, and impact assessment methods. Each unit process in the L.CI was constructed
independently of all other unit processes. This allows objective review of individual data sets
before their contribution to the overall life cycle results has been determined. In most cases,
individual unit processes were parameterized to dynamically represent multiple scales and
configurations.

The model was constructed in openl.CA Version 1.7.0, an open-source LCA software
package provided by GreenDelta (GreenDelta, 2017). This open-source format allows seamless
sharing of the LCA model between project team members. Once all necessary data including the
primary data collected from the vendors and data asswmned for this study were input into the
openL.CA software and reviewed, system models were created for each technology type, scale
and configuration. The models were reviewed to ensure that each elementary flow (e.g.,
environmental emissions, consumption of natural resources, and energy demand) was
characterized under each impact category for which a characterization factor was available. The
draft-final system models were also reviewed prior to calculating results to make certain all
connections to upstream processes and weight factors were valid. LCIA results were then
calculated by generating a contribution analysis for the selected treatment configuration product
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system based on the defined functional unit of treatment of 1 liter of drinking water. Results
were exported to a dynamic Excel workbook (6. Appendix By Fhe subsequent section discusses

A

2.4 Cost Analysis

This study also includes a standardized per liter cost calculation for all the systems
studied. The standardized price per liter of water for AWG includes a net present cost calculation
of the unit price of the AWG unit and the maintenance and energy costs over the lifetime of the
AWG (ten years for Watergen units and 20 years for EcoloBlue units). This discounted cost is
then used to calculate the per liter cost based on the average total volume of water produced by
the AWG over its lifetime. The unit and maintenance costs are provided by the vendors and the
cost of electricity is calculated for the AWGs based on the U.S. average price of electricity
(10.82 cents per kWhram; EIA, 2018). These costs are discussed in detail in Section 4.5. The
standardized cost for bottled water is based on the unit price of a 24 pack (12 liters) for the single
-serve bottle selected for the Poland Spring brand and the Poland Spring 5 gallon jug (18.9
liters). The monthly flat rate delivery charge is also included in the per liter cost of the reusable
jug, but it is based on the assumption that 4 jugs are delivered in a month (this amount varies by
household). In addition, 54.5 cents per mile of transporting the single--serve bottle was added to
the per liter cost based on the US government standard mileage reimbursement rate (IRS, 2018).

2.5 Data Quality and Limitations

In accordance with the project’s Quality Assurance Project Plan (QAPP) entitled Quality
Assurance Project Plan for Life Cycle Considerations and Systems Analyses of Municipal Water
Sustainability Assessments approved by EPA on May 9, 2018, ERG collected existing data’ to
develop the L.CA and cost estimates for the study and associated seenaris/sensitivity
anabysisanalyses. ERG evaluated the collected information for completeness, accuracy, and
reasonableness. HonEhGconsidered publicatio sacouracvireliability and-cost
cempletonesswhen feviewing data-guality: Finally, ERG performed developmental and final
product internal technical reviews of the LCA and costing methodology and calculations for this
stady.

ERG input all LCI data developed into the openL.CA v1.7.0 software (GreenDelta, 2017).
A team member knowledgeable efzhout the project, but who did not develop the model,
reviewed the openl .CA model to ensure the accuracy of the data transcribed into the software.

L.CI information that falls outside of the system boundary include installation or moving
the AWG from the location of delivery to the location of use such as the use of felldtiforklift
etc. Assembly of the AWG unit following raw material production is-alse excluded due to lack
of available data. Also excluded are potential delivery systems such as the use of plastic
disposable cups as opposed to reusable glass container for drinking water or retrofitting the

3 Existing data means information and measurements that were originally produced for one purpose that are
recompiled or reassessed for a different purpose. Existing data are also called secondary data. Sources of existing
data may include published reports, journal articles, LCI and government databases, and industry publications.
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delivery of water from AWG into the existing pipe infrastructure of a building. FheAdditionally,
the production and disposal of the glass container is alse-excluded from the analysis. More
general LCI limitations that readers should understand when interpreting the data and findings
are as follows:

o Transferability of Results. While this study is intended to inform decision-making
around best options for potable water supply in times of emergencies the data
m the market. Further work is recommended to understand the Varlablhty of key
parameters across different environmental conditions and parameter configurations.
The results are only intended to address the specific indicators covered. Other
potential benefits of the AWG system, such as accessibility in emergency conditions,
are not addressed and should be investigated separately.

¢ Representativeness of Background Data. Background processes are representative
of either U.S. average data (in the case of data from U.S. EPA LCEor U.S. LCI) or
Furopean average (in the case of Ecoinvent) data. In some cases, Furopean Ecoinvent
processes were used to represent U.S. inputs to the model due to lack of available
representative U.S. processes tor these mputs Ihe background data how ever, met the
criteria listed in the project gus .
completeness, representativ eness, accuracy, and rehablhtv

o Data Accuracy and Uncertainty. In a complex study with-literadly thousands of
numeric entries, the accuracy of the data and how it affects conclusions is truly a
difficult subject, and one that does not lend itself to standard error analysis
techniques. The reader should keep in mind the uncertainty associated with LCI
models when interpreting the results. Comparative conclusions should not be drawn
based on small differences in impact results. A number of sensitivity analyses were
conducted to address uncertainty in the inventory inputs.

2-6
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3. SCENARIO AND SENSITIVITY ANALYSES

LCAs inherently involve making assumptions. To test the influence of the assumptions
made in an LCA model, it is important to conduct sensitivity analyses. To carry out a sensitivity
analysis, the assumption of interest is changed and the entire LCA is recalculated. A sensitivity
analysis helps interpret the magnitude of the effect of an assumption on the LCA results. The
subsequent sections describe the sensitivity analyses conducted for the AWG and bottled water
systems, respectively. Sensitivity analyses results are discussed in Section 4.4.

3.1 AWG Scenarios Evaluated

ERG has included multiple options for the location of AWG use as climate conditions
such as temperature and relative humidity may affect the AWG performance. Most AWGs
| operate well in-the temperatures ranging from 0 to 60 degrees Celsius and relative humidity
between 25 and 100 percent. We have modeled the minimum and maximum volume produced
fora range of temperature and relative humidity combinations for the AW G unitb and scales

selected for the AWG units (see Section 213 fm detailb).
The relative humidity and temperature may vary slightly for LCAs developed for AWG

scales and/or vendors based on available data. The AWG performance by scale and under
varying relative humidity and temperature ranges are provided in Table 6.

Table 6. AWG Performance by Scale and Vendor

Vendar Watergen EcoloBlue
Scale Large Medium Small Large Medium Small
Maximum swater
578 25 962 30
Minimum watsr
pradusndWatsr 36683,000 38 15 193 50 20
Produced (L/day)
Modeled value
Water
300083 600 400 25 30003 000 600 30
praducedWate I e
Srodussd (L/day)
Relative Humidity 60 20-70 60 30-80 30-80 0-60
| ronseiiange (%)
Temperatie 26.7 15-40 26.7 0-55 0-55 25-100
| ssegeRange 'C)

For the washing of the glass container, the bcenan()b mclude dibh\wbhmg and
handwashing and 5o washing of the container. Fhe £-i5-100 ¢ ;
s{u&fv ﬁ&bamma & iﬁW—-{‘HLI‘G‘J eptitm i85 H&ﬂlluﬂ -({ )RDH O - The- &ﬁh—w&f;hei mﬁ&d -ASSHIRSE
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.by 7 ) ~'» @ 5 : 8
srget-pod-Shebwpdaoshmp-nbibereussblo-alossds-alan-ncomarsiedinthessopedoribe
sdbesama-gaas-Handwashing (baseline) was modeled assuming 8 oz of water are required for

each washing cycle of the 16 oz glass. The handwashing of the rensable ¢lass i also
meorpomied 1o the scope Tor the voulli-serve pigs,

Table 7. Summary of AWG Scenarios @ -‘( Formatted Table
WaterGen EcoloBlie
Scale
Large v 'e
Meditim v v
Heome/oftice v v
Elertrical Grid mabaviin
.8 Average 4 v
ERCC v v
REGW v v
CAMX v v
Water Production (function of relative humidity and
temperature)
Mirimum?® v ‘4
Average” v v
Maximum? v v
Reusable Container Washing Method
Distouast + s
Handwashs v v
Nuwashing L e
*The values of minimum, maximum and average values included in the model are shown in Table 6.
SHandwashing is rnodeled as using half the volume of the reusable glass for input water whareas-dishwashingincludas
nergy;-water-and-deters seoductionir-themodek

3.2 Bottled Water Scenarios Evaluated

We have studied several scenarios around key assumptions in the bottled water analysis.
All scenario results are compared to the AWG findings. The bottled water scenarios are shown in
Table 8. The scenarios evaluated include washing methods of the reusable container
(dhshwashhandwash versus handwashno wash) for the multi-serve option, transport distances for
delivering multi-serve water bottles, weights of the single-serve lightweight bottle, recycled
content of the single-serve bottle (virgin versus i6ten percent), the recycling allocation methods
(cut-off versus system expansion) and the source of water (spring water or treated municipal
water) for filling the bottles.

The baseline scenario models lightweight single--serve bottles (9.3 grams and 10.9
grams) with virgin PET or zero recycled content. All recycled content or material recycling are

32
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modeled using the cut-off recycling allocation method (described below). The baseline analysis
includes a 24-count multipack of single--serve bottles configured with shrink wrap and assaumes
the transport distance of the filled bottle to the consumer as an estimated 100 miles for the single
-serve bottle and 75 miles for the multi-serve bottle based on the assumpiions made n a life
cvele assessment study by the State of Gregon Department of Environmental Quality, on
drinking waler systems (ORDEQ, 2009). The baseline analysis assumes that the water is derived
from a spring and includes additional water treatment steps at the filling location such as
ultrafiltration, ozone treatment, and UV treatment. The baseline analysis assumes 40 reuses of
the HOD jug and that the reusable glass used in combination with the HOD jug is washed in a
dishrwvasherhy hand after use (ORDEQ), 2009).

Table 8. Bottled Water Scenarios

Single-Serve Water Bottle Multi:Serve Water Boitle
Reusable Container Washing Method
Slebleshiindwasn® \
Hanswashii, Washing v i'/—{ Formatted: Font color: Black, Kern at 12 pt
Transpon Distance* \\{ Formatted: Font color: Black, Kemn at 12 pt
Maximum (125 mi) v
Average (75 mil® v
NIt 125 mi) v
Bottle Weight {lightweight)
Mibimuin (9. 385 5% v
Maximum 110.98) v
Bottle Recycled Contént
0% v
109 v
Recycling Allocation Method
Cutiofe v 4
System Expansion v 4
Bottled Water Source
Spring Water® v v
Treated Municipal Water v v
A*base&ine!?@gjine scenario,fORDEQ 2009 \_,,——{ Formatted: Font: 10 pt

\{ Formatted: Font 10 pt

The details of the bottled water baseline and sensitivity analyses are listed below:

¢ Bottle weight: single-serve bottle weights vary by brand, with some brands
lightweighting PET bottled water packaging. Sampled primary packaging weights for
500 ml bottled water range from 9.3 grams to 23.4 grams. North American brands,
most likely used for emergency response conditions, are typically lightweighted in the
500 ml single-serve size. Sensitivity analyses ss-yet-te-beare not conducted
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medebnefor heavier PET bottles. The heavier PET bottles sampled typically
represented premium bottled water options such as international spring and artesian
water. Bottle weight is not varied in the multi-serve option.

Bottle recycled content and recycling allocation method: A recycled content up to
10% is often seen in North American single-serve PET water bottles (McKay, 2008).
We have included a sensitivity analysis with up to 10% recycled content in the single-
serve bottles. When including recycled content, multiple approaches are available to
partition (or allocate) impacts between the useful lives of a material. The cut-off
approach is used in the baseline analysis. Under this approach, distinct boundaries are
drawn between the initial use of the material and subsequent uses of the material after
recovery and recycling: (1J.5. EPA, 19933, All virgin material production burdens are
assigned to the first use of the material, and the burdens assigned to the recycled
system begin with recovery of the postconsumer material. For containers that are
recycled at end of life, all of the burdens for material recovery, transport, separation
and sorting, and reprocessing are assigned to the next system using the recycled
material. Burdens associated with the final disposal of the product are assigned to the
last useful life of the product. We have incorporated an alternative system expansion
recycling allocation approach in the analysis. In the system expansion approach, the
container system boundaries are expanded to include collection and reprocessing of
postconsumer containers, as well as the net virgin material displacement or inputs
required, based on the balance between the container system’s closed-loop recycled
content and closed-loop recycling rate- (1803, 2006b). The types and quantities of
materials that are displaced by the recovery and secondary processing of post-
consumer container material determine the types and quantities of avoided
environmental burdens. Inclusion of recycled content is only modeled in a sensitivity
analysis for the single-serve bottle. Recycling allocation is incorporated as a
sensitivity analysis for both the single-serve and multi-serve options.

Filled bottle transport distance: A sensitivity analysis is conducted for the multi-
serve bottle option varying the transport distance + 50 miles from the baseline. Both a
shorter distance of 25 miles, and a longer distance of 125 miles is modeled for
Comparison.

Bottle water treatment steps: The baseline analysis models the source of the bottled
water as extracted spring water with additional steps of ultrafiltration, ozone and UV
treatment (ORDEQ, 2009). Many bottled water brands in the U.S. package spring
water, which is from onsite underground formations and is not derived from
municipal water treatment. Additionally, water purification steps at the filling plant
tend to be less intensive for spring water. An alternative source of purified municipal
water is modeled in a sensitivity analysis (Cashman et al., 2014). This sensitivity
analysis is conducted for both the single-serve and multi-serve options.

Reusable glass washing option: A sensitivity analysis is conducted assuming the
reusable glass for the multi-serve jug option is either hand washed after use rather
an-cleaned-wra-dishwasheror not washed atall

34
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4. LCA REsSULTS

LCA results for this study are provided in a companion Excel results calculator
(Appendix B). An image of the selection of mput values for the results calculator 1s depicted in
Figure 7. Users can select from available sensitivity analysis parameter values in the green
highlighted cells. Section 4.1 through 4.3 highlight analysis findings from generating results with
this calculator using the default (i.e., baseline) parameter values. Minimum and maximum impact
results are also generated to understand the range of findings. Section 4.4 provides additional
sensitivity analysis results, while Section 4.5 provides comparative cost findings.

Jug Transpoit Bistance
Singlacseive Bottle Weight

Select "Average" if 75 miles, "Minimum" if 25 miles, "Maximum® if 125 miles Average
Select Minimum {9.3 g} or Maximum {10.9 g). Only lightweight options provided. Minimum
Select "0%" or "10%" None

Singlexse)

Method

Select "Cutoff” or "System Expansion” Cutoff
Bottied Watér Source: Select "Spring Water” or "Treated Municipal Water" Spring Water
AWGVEndar Select "WaterGen" or "Ecoloblue” WaterGen
AWG Water Production Select "Minimum", "Average”, or "Maximum"; Function of relative humidity and tempe rat{Average

AWE Blectrical Grid "Average US" FCW and FRCC are eGRID subregions. Average US

ndwash" or "No Wash"
“Average" if 75 miles, "Minimum" if 25 miles, "Maximum® if 125 miles Average
Minimum (9.3 g) or Maximum {10.8 g). Only lightweight options provided. Minimum
0% or "10%" Nene
“Cutoff" or "System Expansion” Cutoff
“Spring Water" or "Treated Municipal Water" Spring Water
WaterGen

Handwash

Hug Transpoit Distance
Single-serve Bottle Weaight
ingle ditentent
RewdlngAlloca(lon Methad
Bottled Water Soures
AW Veridor
AWG Water Produiction
AWEG Electiical Grig

“WaterGen" or oblue”

“Minimum?, "Average", or "Maximum"; Function of relative humidity and temperature  |Average

elect "Average US", "RFCW", or "FRCC". RFCW and FRCC are eGRID subregions. Average US

Figure 7. Input values for the Appendix B results calculator. Available parameter values
can be selected from the dropdowns in the green highlighted cells.

4.1 Summary Baseline Comparative Results on an Equivalent Volume of Water
Delivered Basis

Figure 8 and Table 9 display the summary baseline LCA results. Fable
| Table 11 show summary impacts under the maximum and minimum 1rnpacts
scenarios. The maximum scenario includes treated municipal water for the product (bottled
Water) distrwashinshand ing (reusable glass), RFCW electrical grid (AWG operation),

maxunum bottle Welght and transport distance, and virgin content (single-serve bottle) lhe

(reusable glass), CAMX electncal grid (AWG operation), minimum bottle Welght and transport
distance, and ten percent recycled content (single-serve bottle). It is clear from Figure 8 that
across all impact categories except water consgmption, the multi-serve reusable jug option has
the lowest impacts compared to the single-serve bottled water and the two AWG options studied.
Water consumption is higher for the multi-serve jng doe to water used for the reusable glass

handwashing. Figure 8 also reveals that under the baseline conditions the AWG systems
generally have higher impacts as compared with the bottled water systems. Of the two AWG
vendors, Ecoloblue large scale and medium scale units show the highest impacts across all
categories in the baseline scenario. Only under the minimum impacts scenario, impacts including
acidiﬁcation potential smog formation potential and solid waste by WeiOht are higher for the
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Fable+1Table 11). The error bars in Figure 8 show the range of impacts between the scenario
with the highest impacts and the scenario with the lowest impacts. The errors are calculated as
the average of the two extremes with respect to the maximum of each impact category in the
default scenario. The Ecoloblue large and medium scale units also have the longest error bars
showing a large variability in the highest and lowest impact scenarios primarily due to the
electrical grid used. The scope, range and vanability of data points available for medium scale
Walergen and Ecoloblne units 1s also reflected in the length of the error bars, The home/office
scale units of the two vendors perform almost equivalently in terms of assessed impacts.

2L0%

8%

4654
28%

9%

Aouditi

# Eooloblue B

Watergen MO

H/0 = home office scale; LS = large scale; MS = Medium scale.
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Acidification ~ Cumnulative  Eutrophication Fossit Global Particulate Smog Solid Waste by Water
Potential Energy Potential Depletion Warming Matter Formation Weight Consumption
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Potential
# Single-serve bottle # Reusable Jug  Watergen LS # Watergen MS
# Watergen H/O wEcoloblue LS % Ecoloblue MS i Ecoloblue H/O

aig

Figure 8. System comparison of life cycle impacts for large, medium and home/office scale
for Watergen and Ecoloblue AWG venders along with the single-serve and multi-serve
bottled water systems. Error bars show the range of impacts between the maximum and
minimum impact scenarios for all systems as compared to the default scenario.

Table 9. Summary Baseline LCA Results {per Liter Water Delivered), A Formatted Table ]
" Formatted: Font: Times New Roman, 12 pt, Font color:
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impnet Sirgle Watemen Moaterson. | Watersen | BealoBlie BroloBiue
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4-3

ED_002380_00001055-00038



/{ Formatted

| ®
/:/{ Formatted Table [_j
/ ]

]

Spction 4+ T.OA Res /
Section 4: LCA Results /,// g Formatted
/”I/ Ii Formatted
Vi HI}{ Formatted ( ,,,,, }
Table 9. Summary Baseline LCA Results {per Liter Water Belivered), o I;{
i Formatted

Fot brivante St

Impact Sinadet Wotenoon Wistornen  Wtermen  EovlaBlue SioloBlue
Uatesry init sotve Reneable | o o sititie o
fottis g Sualel Seals Sialed Soalsd w!e} Dities Saaia{ Formatted

ko SWeg 218502 1L58E-03 238E-02 375602 3.41E-02 478E-62  A85ED2 3.41E-02 F°"“a“ed

Formatted

fiter H,0  1.62E+08 2.03E+GC 3.66E+C0  3.55E+40 3.38E400  4.0%E+00  4.03E+00 3.36E+00

! i Formatted [j

Formatted
Formatted
Formatted
Table 10, Summary of Maximum Impact Scenario Besulls {(per Liter Water Belivered ' ]LF ttod ﬂ
ormatie
i 1 x
Totalimpacts Per Liter Formatted
Impart Waterzen | Waterzen EcolaBiue Formatted ﬁ
Category Unit Singled Wateraen | (Medium | (Home/Offlce | EcoloBlue 1 {Mediiin | EcoloBiu i
serve Bottle: Reisable dip Hiarei Sedle) Scale) Seaté) {Larpe Sealel Scife) Office Formatted
kg O001E2 C fal ﬂﬂ‘ 2 f ui FormattEd
AN aTal ey s Rl AN aTal (] [aRATakEv i 200188 -
Acdification . SO,  S5AER3E-04  2.88B4E-04 33485 2358 24058 3k 158 ;i
Patential eq { Formatted }
Eumialative Formatted ]
Eheray Mi 2.5444E+00, 1.5305E+00
Damand Formatted
Eutropfucatmn kgN o oy 7605, 1.7E57E-05, J {Formatted
Poténtial eq 4 T
Eossil Eual kg oil SU7E8LILE- CATSLIGE- oy /{ Formatted
Beoletion q EN EN 9, 1 Formatted [ 77777 j
Global kg . /{ q
Warming €O,  G431L.22E-01 0264,62E-01, 0-254,38E-01, 6-234.01E-01, 3385,536-01 6365 .406-01 7| Formatte
PD’tetntial eq \\\{ Formatted
Particilate . " . 3
56 - FE-051 636 - ormatte:
Matier PM25 30820805, LEESIECS, BSE- i 845 7.7E-851.63E 99{
Formation e e P et 1 N 13 74 “{rormaued

Smag A IE. 88122.57E N

kg 03 GBEFSR.32E- S:00447.01F- 8:5442.37E-
Farmation g by - - Oalm Ré\ 04 Farmatted
; eq 03, 23, 12 N\
Potential

Solid Wasteby kg SW  848222.438- 8.00322.038- 04296826
Weight eq 0z, [SEN 02,

Water fiter
Cansumption H0

)

o

. 5

Boterntial \‘\ \ (FormattEd [—1
]

)

o

1.6201E+00 L8832 4CE+00 2.9280E+00 2.8574E+00 2.7364E+00, 3.2405E+00 3.3:302£+00

Formatted

Formatted

| Formatted

i Formatted

| Formatted

i Formatted

i Formatted

J Formatted

1\1[ Formatted

il Formatted

[ Formatted

ED_002380_00001055-00039

1alalalalaln]slslalalslslalal el




Section 4: LCA Results

Table 11. Summary of MaxisrumMinimmn Impact Scenario Results {per Eiter Water Deliveredy] Formatted: Font Times New Roman, 12 pt, Font color:
i {Auto
Totalimpacts Per Liter ““«&orma cted Table
Impact Watergen ' Waterzen EcoloBiue
Category Unit Bingle: Watergen | (Medium  (Home/Office  EcoloBlue | (Medium @ EccloBlue{Home/
serve bottle ' Beusable Jug {Large Scale) | Scale] Scale) o {Large Scale) | Bcale) ‘Difice Scale)
kg

e . 24E.  0.00252.64E- 0.00244.06E- 0.00222 48 0.00363 878 G.00283 82¢- e -
Aciditication SOp. BBEAIOEOA 0o s od oh od ; 0a Q‘QG‘Z'ZZ"’?E""{Formatted: Subscript
Patential eq = 2 2 it e
Earitiative
Eheray M/ 2.8443E:00 1253.826-01 A633,51E+004-383,716+00 4.043,06E+00 5.454 40E+00 5334 306400 4.083,04E+00
Bemiand
Euttophitatin kg N - 24k~ 485 -

5 y 2 y o . 303 p—

e g THERLIBEOS o o op ARLIBEOS oo oo, HSELIIEOS SIERTE0S 53893805 44ELAIEOS
Fossilbual kgoil  ™0883.15E. B0 09555 CB906.52E- 088335 39E-

Bepletian eq 0z c3 ford 82 ford

Global kg ~ .

Waerning €Op  GA3L15E-01 M’?"M‘E" ©:331.78E-01

Potential eq ==

Particulate kg

Matter 24k 135~

fafmaton Q57.834E-06 B84227E-05

Potential

iz:fatm kg Oy B65987.66F: S4661LI8E: 0614.86E; B.01896.60F. O384A4E. OG25674E: BH2436.04E: oo f&,_.(ﬁ Formatted: Subscript
u eq 03 954 03 03 03 03

Patential

solid Waste by kg SW O0ASL7FE: O.0411E1E: 0051225 0.0SBZICE- ..

Weight eq 23 a3 03 03 o

Water liter

% 1862500 Z08].32E+00 2.3562E+00 2.3571E+00 2.24842£+00 2523.03£+00 2.5088E+00 2.2340E+00D
Consumiption . H,0 {

———— Formatted: Subscript

Singley Waterzen Waternen  Walarien  BroloBluw EroleBlua

Poiterisiat fg-SG2es  4RE-84  FIE-05 Q.0063 {:88064 8:6082 24864 88654 2882
EriradiBanigad Ads 118 .23 5% 3.7 307 343 4.30 3404
p‘i}%@ﬁﬂ-&i : : KQ'N"GQ 1_Qi‘ 15 7_01’ 06 1_.’21‘ 15 1_‘1 Faf1d ’)"H'.’ OF, S_tilf ﬂS _(‘L‘ L5 3 _LZIT ﬂS
Sledsad i

Haltieiiata

p‘i}%@ﬁﬁ"&i 65_} ﬁ_Qi’ 15 7_Qi’ 06 ﬁ_.’}i’ 15 Q_.’E!.‘ D15 ’)' EOF S_’HT ﬂS l‘_"!.‘ L5 ’)_1!7 ﬂS

ED_002380_00001055-00040



Section 4: LCA Results
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4.2 Baseline Results Atmospheric Water Generator

The baseline percent contribution results for the LCA of AWG systems of Watergen and
Ecoloblue show higher impacts for all impact categories in the operational stage of the life cycle
as compared to two select life cycle stages of manufacturing of the equipment and reusable
container washing. Beusable contaimner washing sources water from the AWG, so these impacis
are approximately balf of AWG operation (assuming half the volume of the reusable glass is
used for washing). The operation of the AWG is an energy intensive process and the impacts can
be mitigated to some extent by using a low emissions electric grid optiorl (CAMX see sensitivity

Ecoloblue has hlgher overall impacts as compared with Watergen a,\m,m for urtrophiedtmn
poimtral and pamtuiate matter 1ormaimn pmer;tm} m ihe capital equipment stage. This is due to
the heavie s34 e ¢ ; seale ¢ lono er hietlme a,btmmied for the

not bhO\Vﬂ here (transportation to point of use and drsposal) have neghglble 1mpact> onthe LCA
results.
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Figure 9. Watergen percent contribution to life cycle stage by impact category.
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Section 4: LCA Results

option) to operate the AWGs and-to-anabyzent their impastsaverage water production velumes
per day. This sensitivity analysis highlights the variation in impacts for all scales in the
operational stage of their lifecycles. The impacts are calculated on per day bases. Table 14 shows

options. RFCW has the highest cumulative energy demand and global warming potential due to
high coal and nuclear resource percentage, whereas, CAMX has the highest water consumption
due to high energy contribution from hydropower because evaporative losses from establishment
of dams is included. The two AWG product systems were modeled to operate under the four
eGrdeGRID subregions and the daily impacts of the large- and medium--scale units on select
categories are shown in Figure 11. The impacts are from the different volumes of water produced
and are generally higher for the Ecoloblue AWGs for the large and medium scales units due to
EcoloBlue reporting higher kWh/L values for operation. The results are less significant from the
small scale AWGs, thus, not shown. The RFCW sptiensoption has the highest cumulative energy
demand and global warming potential whereas global warming potential and cumulative energy
demand are lowest under the CAMX option, although it has the highest water consumption of all
four options: due to the prevalence of hvdro-based eleciricitv in this option.

Table 14. Regional Electricity Impacts per kWh

‘‘‘‘‘‘ Formatted: Subscript

""" { Formatted: Subscript

—f"’{ Formatted: Subscript
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Cumialative Enerpy Demand Mieq LAY A0 9.9536E+00
Eutrophication Poténtial kg N eq 6.6857E8-05 1.6801E-04 5.2E22£-05 2 4E4QE-05
Fossil bdnt Dipldtion kg oil eq 8207 01E-0L 8257 A5E-0L 8262 .62E-01 8175800
Globial Wareming Potential kg COy eq S£66.63E-01 SRE8.76E-01L G:787.82E-01 £:585 02801
:::tnifaﬁ?:x:ii;a! kg PM2.5 eq 24515604 3.4541£-04 17671604 5 ZE65E-05
Smog Farmation Potential kg Oz eq GEsRAIE 5.0565.64E-02 OEI92.99E-07 534136802
Salic Waste by Weight ke g‘ﬂi‘r’i 843130601 0.0313.156-02 mﬁf S8E-
Water Consumption liter H20 4.36108+00 2.4846E+00 8:565.63E-01 4 &361E+00
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Figure 11. Impacts per day of large and medium scale AWG operation with Average U.S,,
RFCW, FRCC and CAMX «GrideGRID locations shown as percent of maximum for select
impact categories.
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4.4.1.2  Reusable Container Washing Method

2 s tha /

howain-Fable-15- The companison shows the percent change numpasts-caloulated by life evele

wm

method-ebwashing. For-the Meevele stage-all- impasis-are-significantby lower-with- handwashing

and-de

tergent-to-run-Handwashing-was modeled with-volume-of water

slse-includes-energy
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For the AWG systems, mapacts decrease for all categornies approximately 33% when
shitting from handwashiog of the reusable container to 1o washing. Impacts are affected
universally, as the water used for washing in an emercency situation is assumed o be generated
by the AWG unit,

4.4.1.3 Water Produced per Day

This sensitivity analysis compares the impacts associated with maximum daily water
production and minimum daily water production. Figure 12 shows the impacts associated with
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the average volume of water produced daily by the AWGs for all three scales and both vendors,
as a percent of maximum impact in each impact category. The error bars show the variability in
impacts associated with the maximum and minimum water produced by each AWG. The errors
are calculated as the average of the maximum and minimum impacts for each impact category
for each AWG vendor and scale. The highest variability is seen for Watergen medium scale and
EcoloBlue large and medium scale AWGs particularly for the cumulative energy demand, water
consumption, and global warming potential. The vendors provided detailed performance data for
the daily volume produced by these three AWGs, which 1s why the variability in impacts is
slearerlarger as compared to the other three AWGs for which the detailed performance data was
not available. Because operational data is a static kWh usage per L, the actual electricity for
operation does not vary on a functional unit basis. The difference in the results shown here are,
therefore, primarily related to capital equipment requirements after standardization over total
AWAG lifetime water production.

1204

160%%

s of Maxiroum

Ioblue b4 s Eooloblue H/O
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Figure 12. Percent of maximum impacts of average daily water produced with error bars
showing the range of impacts associated with maximum and minimum daily water
produced.

4.4.2  Sensitivity Analyses for Bottled Water Systems

4.4.2.1  Weight Options for 16.9 oz Single-serve Bottle (with and without Recycled
Content)

Two lightweight bottles were assessed in this sensitivity analysis, each using virgin PET
and up to 10% recycled content, respectively. The default lightweight 16.9 oz bottle weights 9.3
grams (minimum) and has no recycled content. The sensitivity analysis includes comparison
with a 9.3 gram bottle with 10% recycled content, a 10.9 gram bottle (maximum) made with
virgin PET and a 10.9 gram bottle with 10% recycled content. The percentage change in impacts
from switching from the defaunlt weight and recycled content to the three options discussed is
shown in Figure 13. Adding recycled content further reduces the impacts for the 9.3 gram bottle
system, however increasing the weight of the bottle even slightly increases impacts across all
impact categories. Adding 10% recycled content still makes the reusable jug a desirable
alternative except in the case of handwashing wherewhereas the reusable jug has higher water
consumption as conmpared with the single—serve bottle. Including recycled contents in the bottles
reduced greenhouse gas emissions and energy demanded as compared to manufacturing bottles
from virgin PET. As compared with the AWGs systems, the impacts associated with all four
scenarios of the single--serve bottle (weight and recycled content) are higher than those of AWG

4-15
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of both vendors for acidification potential, eutrophication potential, particulate matter formation,
smog formation, and solid waste by weight impact categories if the AWGs are using CAMX
energy mix and producing any (minimum, maximum or average) daily volume of water. Using a
reduced emissions energy mix option does make AWG a lower impact alternative to single—
serve bottled water for select impact categories (see 6.Appendix B for the results).

Percent Change
5% 3% -1% 1% 3% 5% 7% 9% 11% 13%  15%

Acidification R—————

e

=

Energy Demand

Eutrophication

=

Fossil Depletion A

R——

/

Global Warming
Particulate Matter Formation R———
Smog Formation SR

Solid Waste

Water Consumption

| 2 Minimum (10% RC) & Maximum (0% RC) & Maximum (10% RC)]

Figure 13. Sensitivity to bottle weights of 9.3g (minimum) and 10.9g (maximum) and
recycled contents (RC) of § percent and 10 percent.

4.4.2.2  Variation in Transport Distances for Re-usableRBeusable Jug

analysis for the transportation distance. The default assumption is 75 miles and we studied the
impacts of a longer (maxinmum) distance of 125 miles and a shorter (minimum) distance of 25
miles. Figure 14 shows the percentage change in impacts if a minimum or maximum distance
were chosen instead of the default 75 miles. The figure highlights that impacts across all impact
categories increase if the distance is increased and decrease with a shorter distance travelled to
and from the users. These impacts are higher for transportation of a filled jug from the plant to
the user as opposed to the transportation of empty jugs from user to the plant. When comparing

4-16
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results of this sensitivity analysis to the AWG LCA results, the overall impacts of the reusable
Jug with maxinmum transportation distance scenario remain low for all categories except for smog
formation potential under the CAMX grid mix scenario and water consumption under the FRCC
scenario for AWGs producing maximum daily volume of water (see 6.Appendix B for the

results).
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Percent Change
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Figure 14. Sensitivity to transportation distance of reusable jug to and from the user.

4.4.2.3 Recycling Allocation Method (System Expansion versus Cut-off)

Using system expansion to include recycling of bottles instead of the cut-off method
provides significant reduction in cumulative energy demand and global warming potential, but
an increase in water consumption for both the single-serve and multi-serve bottle system as

product (bottle) is given "credit” for the potential recveled matertal included. which diep

aces the
need for virgmn PET production. Water consumption is higher because system expansion also

incorporates recycling burdens at end of life. The washing of the flake during the recycling

processes, in order to manufacture a product that is able to displace virgin material, is a water
intensive process.
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of water produced by the AWG over its lifetime. The unit and maintenance costs are provided by
the vendors and the annual discounted price of electricity is calculated based on the U.S. average
price of electricity (10.82 cents per kWh, EIA 2018). An AW unit can be used for nmltiple
long-tern emergency situations and locations over its lifetime but that does not affect its initial

unif price. annual maintenance cost and the price of eleciricity. 1t can be safely assumed that the

per liter cost of water prodoced by an AWG will remain the same no matter where it is being

used in the coundry, If the AWG unit remains idle for a long period of tine that can reduce its

operational cost over its lifetime but the maintenance would have to be carried out regardless of
the duration of use.

The standardized cost for bottled water is based on the unit price of a 24 pack (12 liters)

| for the single—serve bottle selected for the Poland Spring brand and the Poland Spring 5 gallon
jug (18.9 liters). The monthly flat rate delivery charge is also included in the per liter cost of the
reusable jug, but it is based on the assumption that 4 jugs are delivered in a month (this amount

| varies by household). In addition, 54.5 cents per mile of transporting the single-~serve bottle was
added to the per liter cost based on the US government standard mileage reimbursement rate
(IRS, 2018). It 15 undersicod that during a long-term emergency situation the bottled water i
typreally provided by the local or state govermment and the price is not the same as that paad by
consumers in a grocery store. The cost analvsis is based on the grocery store and vendor prices as
data is not available for the prices the government i3 charged in emergency situations.

While AWGs require significant upfront capital compared to bottled water, costs
compared to bottled water are lower when standardized over the useful life of the AWG unit.

Table 17. Standardized Costs per Liter of Water

Product Type Uit cost (8) mam:::‘nm (k[\\NV:?L) E‘e:::‘i‘;:;"“ Total w(s;)per liter
cost{s)
BWG -~ Watersen Large 115,000 7,866 0.35 0.04 0.09
AWG - Watereen Medium 55,000 2,500 0.33 0.04 014
BWG -~ Watersen Home/Office 1,250 288 03 0.03 013
AWG - Ecoloblius Large 159,700 3,767 0.42 0.05 0.06
AWG - Eroloblue Medium 30,750 870 0.41 0.04 0.06
BWG - Ecolablue Home/Office 799 288 0.3 0.03 0.07
Bottled water Single-serve” 4.49 - - 0.38%
Bottle water Multi-serve® 7.49 6.95% - 0.49

*U.S. average price of electricity for commercial use in June 2018 was 10.82 cents per kWh (EIA, 2018)

Sincludes water transportation cost based on the U.5. government standard mileage reimbursement rate (IRS, 2018)
tpricePrice of single-serve bottles is calculated for a 24 pack/12L and price of multi-serve jug is for Sgallons/18.9L

T mandilyMonthly delivery cost which is a flat rate, we assumed monthly consumption of 4 jugs
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5. CONCLUSIONS AND RECOMMENDATIONSNEXT STEPS

This section presents some conclusions from the study for bottled water systems in
comparison with the atmospheric water generators as two emergency response options for
potable drinking water. Generally, the environmental impact results show that bottled water,
specifically reusable 5-gallon jugs, have lower environmental impacts as source of potable water
in emergency situations compared to AWGs. Conversely, AWG costs may be lower than bottled
water when considering costs over the entire lifetime of the unit. Some of the key results are
listed below:

& The energy requirements for operation of AWGs dominate life cycle impacts.

o Notable reductions in AWG impacts are achievable through utilization of low

impact electrical grids.

o This study did not model a fully renewable electrical option. This could be

# Raw material production and conversmnstages dominate life cycle impacts for the
single—serve bottle system.

o Use of a lightweight PET bottle with recycled content improves the overall
performance of these single-serve systems.

o Lightweighting bottles reduces impacts across all life cycle stages including raw
material production, conversion, transport, and disposal at end-of-life.

o This study only considered truck transport of the single—serve bottles (100 mi
from filler to use point). Transport could have a higher impact if bottles are
required to be sent by a different mode of transport, such as a plane, to
emergency response locations.

¢ Transportation of bottle to and from the user is significant across several impact
categories for the HOD jug system. The HOD jug system is also sensitive to the
washing method used for the water delivery glass.

= e ke e i S e : T .
AWG-should - be-preforred over dishwashing to-nunimize-npaets:
& The cost per liter of water from the AWG system is lower compared to the bottled
water system as the costs have been calculated over the lifetime of the AWG units.

#  Addition of short-term weather-related emergency situations such as drought,
tomados and hurricanes may be considered m foture project sieps.

s AWG alternatives with connectivity to off grid options such as solar or wind power
sourees may be studied and compared with boitled water svstems in future project
steps.

& Use of aviation to provide botiled water i remote and inaccessible locations mav be
added as a scenario in future analyses.

5-1

ED_002380_00001055-00056



Section 6: References

6. REFERENCES

American Chemistry Council (ACC). (2011a). Cradle-to-Gate LCI of Nine Plastic Resins and
Two Polyurethane Precursors. Franklin Associates, A Division of ERG.

http: //plastics.americanchemistry.conv/LifeCyele-Inventory-of-9-Plastics-Resins-and-4-
Polyurethane-Precursors-Rpt-Only

ACC. (2011b). Life Cycle Inventory of Plastic Fabrication Processes: Injection Molding and
Thermoforming. Franklin Associates, A Division of ERG.

https://plastics. americanchemistry.com/Hducation-Resources/Publications/L.Cl-of-Plastic-
Fabrication-Processes-Injection-Molding-and-Thermoforming . pdf.

Baja, T. Delivery of water, food and baby products. Federal Emergency Management Agency
(FEMA). October 8, 2017. https://www.fema.gov/media-librarv/assets/images/146329

Bare, I. C., Norris, G. A., Pennington, D. W., McKone, T. (2003). TRACI - The Tool for the
Reduction and Assessment of Chemical and Other Environmental Impacts. Journal of Industrial
Ecology, 6, (3), 49-78.

Bergmair, D., Metz, S. J., de Lange, H. C., Steenhoven, A. A. (2014). System analysis of
membrane facilitated water generation from air humidity. Desalination 339, 26-33

Cashman, S., Gaglione, A., Mosley, J., Weiss, L., Ashbolt, N., Hawkins, T., Cashdollar, J., Xue,
X.,Ma, C., and Arden, S. (2014). Environmental and cost life cycle assessment of disinfection
options for municipal drinking water treatment. U.S. Environmental Protection Agency,
Washington, DC, EPA/600/R-14/376.

Franklin Associates. (2011). Life Cycle Inventory of 100% Postconsumer HDPE and PET
Recycled Resin from Postconsumer Containers and Packaging.

Frischknecht R., Jungbluth N., Althaus H.-J., Baver C., Doka G., Dones R., Hischier R., Hellweg
S., Humbert S., Kéllner T., Loerincik Y., Margni M. and Nemecek T. (2007) Implementation of
Life Cycle Impact Assessment Methods. ecoinvent report No. 3, v2.0. Swiss Centre for Life
Cycle Inventories, Dibendorf, 2007.

Garfi, M., Cadena, E., Sanchez-Ramos, D., Ferrer, [. (2016). Life cycle assessment of drinking
water: Comparing conventional water treatment, reverse osmosis and mineral water in glass and
plastic bottles. Journal of Cleaner Production, 137, 997-1003

Gido, B., Friedler, E., Broday, D. M. (2016a). Liquid-Desiccant Vapor Separation Reduces the
Energy Requirements of Atmospheric Moisture Harvesting. Environ. Sci. Technol. 50,
8362-8367

Gido, B., Friedler, E., Broday, D. M. (2016b). Assessment of atmospheric moisture harvesting
by direct cooling. Atmospheric Research 182, 156-162

Goedkoop, M., Hejungs, R, Hujhregts, M., De Schryver, AL, Siruigs, J, & Van Zelm, B,
{2009} ReCiPe 2008, A life cvele impact assessment method which comprises harmonised
category indicators at the midpoint and the endpoint level, 1.

ED_002380_00001055-00057



Section 6: References

GreenDelta. 2017. Openl.CA Version 1.7.0 English. Berlin, Germany: GreenDelta.

Gurzenich, D., Wagner, H.-J. (2004) Cumulative energy demand and cumulative emissions of
photovoltaics production in Europe. Energy 29, 2297-2303.

Horowitz, N., Frago, J., Mu, D. (2018). Life cycle assessment of bottled water: A case study of
Green20O products. https://doi.org/10.1016/]. wasman.2018.02.043 0956-053X.

Internal Revenue Service (IRS). (2018). Standard Mileage Rates for 2018 Up from Rates for

2017. hitps./fwww.irs.gov/newsroony/standard-mileage-rates-for-201 8-up-from-rates-for-2017, /{ Formatted: Hyperlink

I80). 20064, Fnvironmental management — Life cvele assessment — Principles and framework,
ISO No. 14040, International Orzantzation for Standardization, CIL

IR0, 2006b, Environments] managernent - Life ovele assessment — Requiements and

ouidehines. ISO No. 14044 Intemational Oreanization for Standardization, CH.

Huijbregts, M. A. I, Steinmanu, 7. J. N, Elshout, P. M. F., Stam, G., Verones, F., Vieira, M. D.
M., Hollander, A., Zijp, M., van Zelm, R. ReCiPe 2016: A harmonized life cycle impact
assessment method at midpoint and endpoint level. Report 1: Characterization; 2016.
http:/fwww.ri.nlVenvironmentalscience/research/themes-0/life-cvele/projects/ Retrieved on
March 13, 2018.

Kumar, M., Yadav, A., Mehla, N. (2017). Water generation from atmospheric air by using
different composite desiccant materials. International Journal of Ambient Energy, DOL:
10.1080/01430750.2017.1392350

Mabher, K. Michigan National Guard Helps With Flint’s Water Crisis. Wall Street Journal.
January 13, 2016. https://www.wsj.conV/articles/michigan-national-guard-helps-with-flints-
water-crisis-1452704899

McKay, B. (May 6, 2008). Pepsi to Cut Plastic Used in Bottles. The Wall Street Journal.
hitps://www. wsl.com/articles/SB121004395479169979. Retrieved on September 19, 2018.

Milania, D., Qadira, A., Vassalloa, A., Chiesab, M., Abbasa, A. (2014.) Experimentally validated
model for atmospheric water generation using a solar assisted desiccant dehumidification system.
Energy and Buildings 77, 236-246

National Council for Air and Stream Improvement. (2014). Life Cycle Assessment of U.S.
Average Corrugated Product.

National Renewable Energy Laboratory (NREL) (2012). U.S. Life Cycle Inventory Database
(USLCT). URL: https:/fuslei.lcacommons.gov/uslci/search.

Ozkan, O., Wikramanayake, E. D., Bahadur, V. (2017). Modeling humid air condensation in
waste natural gas-powered atmospheric water harvesting systems. Applied Thermal Engineering
118, 224-232

Papong, S., Malakul, P., Trungkavashirakun, R., Wenunun, P., Chom-in, T., Nithitanakul, M.,
Sarobol, E. (2014). Comparative assessment of the environmental profile of PLLA and PET
drinking water bottles from a life cycle perspective. Journal of Cleaner Production 65, 539-550

ED_002380_00001055-00058



Section 6: References

U.S. Energy Information Administration (EIA). (May, 2017). U.S. Energy Facts.
https./fwww.ela.gov/energvexplained/?page=us_energy_home. Retrieved on March 13, 2018,

U.S. Energy Information Administration (EIA). (January, 2018). Texas State Profile and Energy
Estimates. https://iwww.ela.gov/state/analysis.php?sid=1X. Retrieved on March 13, 2018.

U.S. Energy Information Administration (EIA). (January, 2018). Florida State Profile and
Energy Estimates. hitps://www.eia.gov/state/analysis php?sid=F1.. Retrieved on March 14, 2018.

U:8:US Environmental Protection Agency (U8, EPA). 1993, Life-Cvele Assessment: Inventory
Guidelines and Principles. EPA/GGO/E-92/245.

U.S. Environmental Protection Agency (US. EPAY (2011). Planning for an Emergency
Drinking Water Supply. https://www.epa.gov/sites/production/files/2015-
03/documents/planning_for_an_emergency_drinking water supply.pdf. Retrieved on September
21,2018.

U.S. Environmental Protection Agency (LS. EPA). (2016). Advancing Sustainable Materials
Management: Facts and Figures Report, 2014. https://www.epa.gov/smun/advancing-sustainable-
materials-management-facts-and-figures-report.

U.S. Environmental Protection Agency (L.
Integrated Database (eGRID) 2016. https://www.epa.gov/energyv/emissions-generation-resource-
mtegrated-database-egrid. Retrieved on March 15, 2018,

Weidema, B. P., Bauer, C., Hischier, R., Mutel, C., Nemecek, T., Reinhard, J., Vadenbo, C. O,
Wernet, G. (2013). Overview and methodology. Data quality guideline for the ecoinvent
database version 3. Ecoinvent Report 1(v3). St. Gallen: The Ecoinvent Centre.

Oregon Department of Environmental Quality (ORDEQ). (2009). Life Cycle Assessment of
Drinking Water Systems: Bottle Water, Tap Water, and Home/Office Delivery Water. Franklin
Associates, A Division of ERG, 09-LQ-104

Peters, G. M., Blackburn, N. J., Armedion, M. (2013). Environmental assessment of air to water
machines—triangulation to manage scope uncertainty. Int. J Life Cycle Assess 18,1149-1157

ED_002380_00001055-00059



Appendix A: AWG Inventory Data Compiled

APPENDIX A
AWG INVENTORY DATA COMPILED

ED_002380_00001055-00060
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Appendix A: AWG Inventory Data Compiled

All the data provided by the vendors and that was used in setting up the LCA models is
compiled and pmv1ded asa separate excel file: “AppendixA-
AWG_BottledWaterDatav2 8324 BottledWaterDatav4 12.19.18.xlsx™.
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Appendix B: Life Cycle Results Calculator

Appendix B: Life Cycle Results Calculator

A companion dynamic 1.CA Excel results calculator is provided to run combinations of
the parameter values absessed in thlS studv T hlb is in a separate file named “AppendixB-

Results_Template_AWECBottledWatervd - S34AWEBottledWatervd 12.19.18.xlsx™.

B-1
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